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(54) AUXILIARY CHAMBER TYPE GAS ENGINE WITH CONTROL VALVE AND 
OPERATION METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an auxiliary 
chamber type gas engine with a control valve capable 
of keeping the operation of the engine in an operation 
region of high thermal efficiency at all times, reducing 
NOx exhaust amount markedly with high thermal 
efficiency, and reducing combustion noises of the 
engine while avoiding the occurrence of knocking, 
and provide an operation method therefore. 
SOLUTION: This auxiliary chamber type gas engine 
1 with the control valve is provided with EGR system 
47, 48, 49, a control means 50 for adjusting control 
valve opening time, an EGR gas flow rate, and an air- 
fuel ratio, and a knocking sensor 51 for detecting the 
occurrence of knocking. It is constituted such that the 

control for avoiding knocking is performed when the control means 50 detects the 
occurrence of knocking by the knocking sensor 51. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By it being prepared between an accessory cell, the main rooms, and said accessory cell 
and said main rooms, having the control valve which opens in the pressing operation of a piston, 
supplying fuel gas to said accessory cell and said main rooms, making it light by said accessory cell, 
and opening said control valve The EGR system which is the accessory cell type gas engine which 
makes combustion of said main rooms start, returns a part of exhaust gas to an inhalation-of-air path, 
and is supplied to said main rooms with premixed air, While having the control means which adjusts 
a control valve open stage, an EGR gas flow rate, and an air-fuel ratio The accessory cell type gas 
engine with a control valve according to claim 1 characterized by performing knocking avoidance 
control when it has the knocking sensor which detects generating of knocking and said control 
means detects generating of knocking by said knocking sensor. 

[Claim 2] the accessory cell type gas engine with a control valve according to claim 1 with which 
said control means is characterized for said knocking avoidance control by every cycle, every fixed 
time interval, any one for every gas column, or its thing [ carrying out by combining and coming 
out]. 

[Claim 3] The accessory cell type gas engine with a control valve according to claim 1 or 2 
characterized by said knocking avoidance control including any one or its combination of the 
increment in the tooth lead angle of a control valve open stage, reduction of an air- fuel ratio, and the 
amount of EGR(s). 

[Claim 4] By it being prepared between an accessory cell, the main rooms, and said accessory cell 
and said main rooms, having the control valve which opens in the pressing operation of a piston, 
supplying fuel gas to said accessory cell and said main rooms, making it light by said accessory cell, 
and opening said control valve While having the control means which adjusts the EGR system which 
is made to start combustion of said main rooms, returns a part of exhaust gas to an inhalation-of-air 
path, and is supplied to said main rooms with premixed air, a control valve open stage and an EGR 
gas flow rate, and an air-fuel ratio The operating method of the accessory cell type gas engine with a 
control valve characterized by performing knocking avoidance control in the accessory cell type gas 
engine equipped with the knocking sensor which detects generating of knocking when generating of 
knocking is detected from the signal of said knocking sensor by said control means. 
[Claim 5] the operating method of the accessory cell type gas engine with a control valve according 
to claim 4 characterized for said knocking avoidance control by every cycle, every fixed time 
interval, any one for every gas column, or its thing [ carrying out by combining and coming out ]. 
[Claim 6] The operating method of the accessory cell type gas engine with a control valve according 
to claim 4 or 5 characterized by performing said knocking avoidance control in any one or its 
combination of the increment in the tooth lead angle of a control valve open stage, reduction of an 
air- fuel ratio, and the amount of EGR(s). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In a gas engine, this invention has the main rooms and an accessory cell, and 
relates to the accessory cell type gas engine with a control valve which prepared the closing motion 
valve between this main rooms and accessory cell. 
[0002] 

[Description of the Prior Art] Mixing with the air (hydrogen) of natural gas, CO (carbon monoxide), 
H2, etc., etc. is difficult, and ignition temperature is high, and there are a jump-spark-ignition 
method, a direct injection method, a premixing compression ignition method, etc. in the gas engine 
which uses the fuel gas which cannot be lit easily. 

[0003] In the gas engine of this jump-spark-ignition method, like a gasoline engine, after attaching a 
mixer, a single point fuel injection equipment, or a multipoint combustion fuel injection equipment 
in an inhalation-of-air path and making fuel gas into premixed air, it introduces into inside in a 
cylinder, and just before the top dead center in the second half of a compression stroke, the 
inhalation-of-air line of a piston lights premixed air with a spark plug, and is burned. 
[0004] Since is put in practical use and the gas engine of this method cannot tend to knock easily 
from a gasoline engine, it can make a compression ratio high comparatively, and its thermal 
efficiency is also higher than a gasoline engine at about 37%. 

[0005] However, although knocking-proof is high and can also make a compression ratio a little high 
rather than a gasoline engine, there are a problem that a compression ratio is restricted by generating 
of knocking and thermal efficiency is less than a diesel power plant, and a problem that an ignition 
becomes expensive and a complicated maintenance is needed. 

[0006] Moreover, in the gas engine of a direct injection method, the fuel gas made into high pressure 
is injected and burned in a cylinder like a diesel power plant just before a compression top dead 
center. In this gas engine, a compression ratio is made just like a diesel power plant, and thermal 
efficiency also serves as the diesel-power-plant average. 

[0007] However, since the equipment and the fuel injection equipment which compress fuel gas 
more than a compression top dead center pressure are needed, there is a problem that equipment 
becomes complicated, and an ignition is required, and this ignition becomes expensive like a jump- 
spark-ignition method, and there is a problem that a complicated maintenance is needed. Therefore, 
what was put in practical use does not have a small deer. 

[0008] And in the gas engine of a premixing compression ignition method, the fuel was injected 
directly into the combustion chamber at the inhalation-of-air path or the compression stroke early 
stage, and the new combustion system to which self-ignition of the premixed air is carried out near a 
top dead center is adopted. Although current is in a research phase, thermal efficiency is high and 
serves as a gas engine super-low [ NOx ]. 

[0009] In this gas engine, it is easy to generate knocking which control of ignition near the 
compression top dead center of premixed air spreads in difficulty, and there is a problem that an 
operating range is narrow. 
[0010] 

[Problem(s) to be Solved by the Invention] In order to solve the trouble of the gas engine of this 
premixing compression ignition method, a combustion chamber is divided into the main rooms and 
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an accessory cell, a closing motion valve (control valve) is prepared in communication opening 
which opens for free passage both between the accessory cell and the main rooms of a piston 
crowning which were established in the cylinder head side, fuel gas is introduced into an accessory 
cell, air or premixed air is introduced into the main rooms, and the accessory cell type gas engine 
with a control valve which carries out compression ignition is developed. 
[001 1] While the fuel supply pressure has been low voltage by preparing a control valve in an 
accessory cell, this accessory cell type gas engine with a control valve By making possible 
compression ignition of the premixed air supplied to the main rooms, and controlling a control valve 
open stage Combustion of the main rooms can be controlled, the compression ignition engine which 
made an ignition and complicated direct injection equipment unnecessary can be realized by this, 
and there is big possibility as an engine that high thermal efficiency can moreover be attained. 
[0012] However, since the fuel gas (hydrogen) of natural gas, CO (carbon monoxide), H2, etc., etc. 
is difficult for mixing with air and ignition temperature is as high as 800 degrees C or more also in 
this accessory cell type engine with a control valve, Since there is a property that combustion 
progresses at a stretch once ignition combustion takes place although it is hard to light, Premixed air 
flows into an accessory cell from the main rooms, when carrying out ignition combustion, 
combustion in an accessory cell is performed violently, there is a problem of being easy to generate 
knocking, and there is a problem that operation of a smooth engine and improvement in thermal 
efficiency are barred by generating of this knocking. 

[0013] Since the temperature of each part of an engine will rise abruptly once knocking occurs 
especially, if still more intense knocking will occur and this intense knocking occurs, since a big 
pressure wave will go and come back to the inside of a cylinder, the pressure variation of a specific 
frequency will be produced and vibration and a sound will be generated, the problem that an engine 
is damaged or the engine noise increases arises. 

[0014] This invention is made in order to solve an above-mentioned problem, it can maintain 
operation of an engine at a operating range with always high thermal efficiency, avoiding generating 
of knocking in an accessory cell type gas engine with a control valve, is high thermal efficiency, and 
is to offer few [ an NOx discharge is remarkable and / and ] accessory cell type gas engine with a 
control valve with an engine low combustion noise, and its operating method. 
[0015] 

[Means for Solving the Problem] The accessory cell type gas engine with a control valve for 
attaining the above purposes is constituted as follows. 

[0016] 1) it prepares between an accessory cell, the main rooms, and said accessory cell and said 
main rooms — having — compression of a piston ~ by having the control valve which opens in 
process, supplying fuel gas to said accessory cell and said main rooms, making it light by said 
accessory cell, and opening said control valve The EGR system which is the accessory cell type gas 
engine which makes combustion of said main rooms start, returns a part of exhaust gas to an 
inhalation-of-air path, and is supplied to said main rooms with premixed air, While having the 
control means which adjusts a control valve open stage, an EGR gas flow rate, and an air- fuel ratio, 
when it has the knocking sensor which detects generating of knocking and said control means detects 
generating of knocking by said knocking sensor, it is constituted so that knocking avoidance control 
may be performed. 

[0017] 2) Moreover, in the above-mentioned accessory cell type gas engine with a control valve, said 
control means is constituted so that said knocking avoidance control may be performed in every 
cycle, every fixed time interval, any one for every gas column, or its combination. 
[0018] 3) And in the above-mentioned accessory cell type gas engine with a control valve, it is 
constituted so that said knocking avoidance control may include any one or its combination of the 
increment in the tooth lead angle of a control valve open stage, reduction of an air- fuel ratio, and the 
amount of EGR(s). 

[0019] Moreover, the operating method of the accessory cell type gas engine with a control valve for 
attaining the above purposes is constituted as follows. 

[0020] 1) it prepares between an accessory cell, the main rooms, and said accessory cell and said 
main rooms — having — compression of a piston — by having the control valve which opens in 
process, supplying fuel gas to said accessory cell and said main rooms, making it light by said 
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accessory cell, and opening said control valve While having the control means which adjusts the 
EGR system which is made to start combustion of said main rooms, returns a part of exhaust gas to 
an inhalation-of-air path, and is supplied to said main rooms with premixed air, a control valve open 
stage and an EGR gas flow rate, and an air- fuel ratio In the accessory cell type gas engine equipped 
with the knocking sensor which detects generating of knocking, when generating of knocking is 
detected from the signal of said knocking sensor by said control means, it is constituted so that 
knocking avoidance control may be performed. 

[0021] 2) Moreover, set to the operating method of the above-mentioned accessory cell type gas 
engine with a control valve, and it is [ every cycle and ] every fixed time interval about said 
knocking avoidance control. It is constituted so that it may carry out in any one or its combination 
for every gas column. 

[0022] 3) And in the operating method of the above-mentioned accessory cell type gas engine with a 
control valve, it is constituted so that said knocking avoidance control may be performed in any one 
or its combination of the increment in the tooth lead angle of a control valve open stage, reduction of 
an air-fuel ratio, and the amount of EGR(s). 

[0023] According to the accessory cell type gas engine with a control valve and operating method of 
the above configuration, since it is made the operational status which knocking cannot generate 
easily due to any one or its combination of the tooth lead angle of a control valve open stage, the 
increment in an EGR flow rate, and reduction of an air-fuel ratio according to an engine operation 
situation when knocking has been sensed by the knocking sensor, generating of intense knocking can 
be avoided and operational status can be maintained in the good condition. 

[0024] In addition, the same thing as a diesel knock to which the rate of a pressure buildup becomes 

excessive in early stages of combustion is also included in this knocking. 

[0025] 

[Embodiment of the Invention] Hereafter, the accessory cell type gas engine with a control valve 
concerning this invention and its operating method are explained, referring to a drawing. 
[0026] Drawing 1 is drawing showing the configuration of the combustion chamber of the accessory 
cell type gas engine with a control valve concerning this invention, and drawing 2 is drawing 
showing the system configuration of an accessory cell type gas engine with a control valve. And 
drawing 3 is drawing showing the flows of control of engine operation. 

[0027] As shown in drawing 1 , for each [ ** and ] cylinder of every, the configuration of the 
combustion chamber of this accessory cell type gas engine 1 with a control valve has a cylinder 11, 
the main rooms 13 formed in the upper part of a piston 12, and this main room 13 and the accessory 
cell 14 which is open for free passage through the closing motion section of a control valve 15, and 
is constituted. This cylinder 1 1 consists of head liner 1 la and cylinder liner 1 lb, and an accessory 
cell 14 is formed in the cylinder head 17. 

[0028] the control valve open stage adjustable equipment 16 controlled by the controller (ECU) 50 
which is a control means so that this control valve 15 is shown in drawing 2 — minding — 
compression of a piston 12 — it constitutes so that it may open in process. 

[0029] As shown in drawing 2 , and this accessory cell type gas engine 1 with a control valve The 
engine 10 equipped with the main rooms 13 and an accessory cell 14, a supercharger 20, and the 1st 
fuel-supply path 30 that supplies fuel gas F to the main rooms 13, It has the 2nd fuel-supply path 35 
which supplies fuel gas F to an accessory cell 14, the inhalation-of-air path 40 which supplies Air A 
to the main rooms 13, the flueway 45 which discharges exhaust gas G, and the EGR path 47 for 
carrying out recycling of EGR gas germanium, and is constituted. 

[0030] The 1 st fuel-supply path 30 is formed so that it may have the 1st fuel-flow control unit 3 1 and 
the 1st fuel supply system 32 and may be open for free passage in the main rooms 13, while 
connecting with the source of supply of fuel gas F, and the 2nd fuel-supply path 35 is formed so that 
it may have the 2nd fuel-flow control unit 36 and the 2nd fuel supply system 37 and may be open for 
free passage accessory cell 14, while connecting with the source of supply of fuel gas. 
[0031] Moreover, the inhalation-of-air path 40 is connected with the main rooms 13 via the 
compressor 21 of a supercharger 20 through air control-of-flow equipment 41, and, on the other 
hand, opens for free passage the flueway 45 which comes out of an engine 1 0 with the open air via 
the turbine 22 grade of a supercharger 20. 
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[0032] The EGR path 47 is equipped with the EGR flow rate control device 48 and EGR cooler 49 
which consist of EGR valves etc., from a turbine 22, connects the flueway 45 of the downstream, 
and air control-of-flow equipment 41 and the inhalation-of-air path 40 between compressors 21, and 
is formed. In addition, this EGR cooler 49 cools EGR gas germanium, and plays the role which 
controls generating of NOx. 

[0033] That is, while having the 1st and 2nd fuel-supply paths 30 and 35 which supply fuel gas F to 
both an accessory cell 14 and the main rooms 13, it has the EGR path 47 of exhaust gas G which 
returns germanium to the inhalation-of-air path 40 in part, and is supplied to the main rooms 1 3 with 
premixed air. 

[0034] Furthermore, although not illustrated, the knocking sensor 51 which detects generating of 
knocking is arranged by the engine 10. As this knocking sensor, there is a thing of an approach 
which detects vibration of a cylinder crank case, cylinder pressure, a combustion noise, etc. 
[0035] Although this vibration level is detected by the approach of detecting vibration of this 
cylinder crank case since a cylinder block etc. is attached and the vibration level of a specific 
frequency becomes large according to generating of knocking, there are a piezo-electric formula 
knock sensor and a magnetostriction type knock sensor in this oscillating detection type. 
[0036] And a controller (ECU) 50 inputs engine information, such as an engine rotational frequency, 
knocking, a flame failure, Pmax, a fuel flow, an air flow rate, an EGR gas flow rate, an intake-air 
temperature, a MAP, an exhaust-gas temperature, exhaust gas pressure, and a crank angle. Control 
valve open stage adjustable equipment 16, a supercharger 20, the 1st fuel-flow control unit 31, the 
2nd fuel-flow control unit 36, air control-of-flow equipment 41, the EGR flow rate control unit 51, 
and EGR cooler 52 grade are controlled. It is constituted so that adjustment control of the valve- 
opening stage of a control valve 1 6, an EGR gas flow rate, the air- fuel ratio, etc. may be carried out. 
[0037] Control of this EGR gas flow rate is adjusting an EGR gas flow rate by adjustment control of 
the EGR flow rate control units 51, such as an EGR valve, and control of an air- fuel ratio is 
performed by adjustment of a fuel flow by adjustment control of the 1st fuel-flow control unit 31 and 
the 2nd fuel-flow control unit 36, and adjustment of the air flow rate by control of a supercharger 20 
and adjustment control of air control-of-flow equipment 41. 

[0038] Next, the combustion method of the gas engine which used this accessory cell type gas 
engine 1 with a control valve is explained. 

[0039] In this accessory cell type gas engine 1 with a control valve, if the gaseous mixture and EGR 
gas germanium with which fuel gas F and Air A mixed fuel gas F to the accessory cell 14 at the main 
rooms 1 3 are introduced, respectively and a control valve 1 5 is opened at the suitable stage of the 
compression stroke of a piston 12, the gaseous mixture and EGR gas germanium of the main rooms 
13 will flow into an accessory cell 14 quickly, and will form gaseous mixture in an accessory cell 14. 

[0040] And if a piston 12 approaches a top dead center, the gaseous mixture formed in the accessory 
cell 14 by the temperature rise by compression lights first, by expansion of the gas which burned 
with this ignition, and descent of a piston 12, the combustion gas of an accessory cell 14 will blow 
off in the main rooms 13, hot combustion gas will be mixed with the gaseous mixture of the main 
rooms 13, and the gaseous mixture of the main rooms 13 will light. 

[0041] At this time, combustion can be considered as the moderate combustion which does not cause 
knocking by making optimum dose EGR gas germanium exist in the main rooms 13. And since 
combustion of this main room 1 3 is the self-ignition of premixed air, in spite of moderate 
combustion, a heat rate pattern has a high peak and a combustion period serves as short good 
combustion of cutting which burns. 

[0042] The heat release pattern of this whole is the pattern of two crests where the low peak by 
combustion of the accessory cell 14 in the first half of combustion and the high peak by combustion 
of the main rooms 13 in the second half appear. The low peak of this first half stops the excessive 
pressure buildup by combustion of the second half, and is carrying out the role which realizes quiet 
combustion. And the discharge of NOx serves as a very low value used as 1 / 10 - 1/100 of a diesel 
power plant. By always performing such combustion, it is efficient and becomes combustion super- 
low [NOx]. 

[0043] And since a service condition is restricted by generating and the flame failure of excessive 
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knocking while being greatly influenced with the valve-opening stage of a control valve 15, an EGR 
rate, and an air- fuel ratio, it is necessary to maintain combustion of this accessory cell type gas 
engine 1 with a control valve at the always optimal conditions. Especially generating of knocking 
has the large effect of a control valve open stage and an EGR rate. 

[0044] By then, the controller 50 which inputs the detection value of the knocking sensor 51 When it 
monitors continuously while operating generating of knocking, and the operational status of engines, 
such as each part temperature of an engine, a MAP, and exhaust gas pressure, and knocking has not 
occurred When it is set as the optimum conditions according to train operation dispatching and 
knocking occurs, a control valve open stage, an EGR rate, and an air-fbel ratio are further controlled 
for every gas column if needed every cycle and the whole fixed period, and always optimal 
combustion is realized. 

[0045] Next, an engine operation flow is explained, referring to drawing 3 . 

[0046] If operation of an engine is started and flows of control start, the information on engine that 
an engine condition is indicated to be train operation dispatching about operation of an engine at step 
Sll will be read. 

[0047] An engine target engine speed, an engine target load, etc. are contained in this train operation 
dispatching, and the engine engine speed which shows an engine condition, knocking, a flame 
failure, Pmax, a fuel flow, an air flow rate, an EGR gas flow rate, an intake-air temperature, a MAP, 
an exhaust-gas temperature, exhaust gas pressure, a crank angle, etc. are included in the information 
on engine. 

[0048] And if it judges whether they are whether there is any shutdown command and no to train 
operation dispatching of this read engine and is in it at the following step SI 2, it goes to step SI 8, 
shutdown processing of an engine is performed, and this control is stopped. 

[0049] At this step SI 2, if there is no shutdown command, based on train operation dispatching of 
the engine gone and read into the following step SI 3, and the information on engine, processing of a 
setup or modification will be performed for operation parameters, such as fuel quantity, an air-fuel 
ratio, a valve-opening stage of a control valve 1 5, and an EGR gas flow rate. 
[0050] and at the following step SI 4, when it judges whether knocking occurred or not and it is 
judged as knocking having not occurred Perform operation optimization and low-fuel-consumption- 
ized processing of step SI 5, and an operation parameter is updated. When it judges with having 
performed operation of an engine between time amount predetermined at step SI 7, and knocking 
having occurred Knocking evasion processing of step S16 is performed, an operation parameter is 
updated and operation of an engine is performed between time amount (interval of control of an 
engine) predetermined at step S 1 7. 

[0051] Knocking evasion processing of one step SI 6 contains the processing which makes an air- 
fuel ratio deep, the processing to which the tooth lead angle of the accessory cell valve-opening stage 
is carried out, and the processing which increases an EGR gas flow rate (EGR rate) including the 
processing whose operation optimization and low-fuel-consumption-ized processing of this step S 1 5 
makes an air- fuel ratio thin, and the processing which decreases a lag or the processing made to 
optimize, and an EGR gas flow rate (EGR rate) in an accessory cell valve-opening stage. 
[0052] And operation based on these flows of control is continued until an engine shutdown 
command will come out of operation of return and an engine to step SI 1, if operation of the engine 
between the predetermined time amount of this step S 17 is ended. 

[0053] According to the accessory cell type gas engine 1 with a control valve and operating method 
of this configuration, engine operation can be performed at a high thermal efficiency point, 
preventing generating of knocking by controlling a control valve open stage, an EGR rate, and an 
air- fuel ratio by the approach by feedback control etc. for every cycle, every fixed period, and every 
cylinder, supervising generating of knocking by the knocking sensor 51 and the controller 50. 
[0054] 

[Effect of the Invention] Engine operation can be performed at an always high thermal efficiency 
point, always preventing generating of knocking by controlling a control valve open stage, an EGR 
rate, and an air- fuel ratio for every cycle, every fixed period, and every cylinder, supervising 
generating of knocking according to the accessory cell type gas engine with a control valve and 
operating method of this invention, as explained above. 
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[0055] Therefore, an engine combustion noise can operate in the low condition an NOx discharge is 
remarkable and few with high thermal efficiency within a operating range with always high thermal 
efficiency, avoiding generating of knocking. 

[0056] Therefore, low fuel consumption and a low-pollution engine can be realized, and ignition and 
combustion serve as an engine applicable also to liquid fuel, such as difficult alcohol fuel and a 
gasoline, by the further usual diesel power plant. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/29/2006 



JP,2002-357138,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 
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precisely. 
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3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the combustion chamber of the accessory cell 
type gas engine with a control valve of the gestalt of operation concerning this invention. 
[Drawing 2] It is drawing showing the system configuration of the accessory cell type gas engine 
with a control valve of the gestalt of operation concerning this invention. 

[Drawing 3] It is drawing showing the flows of control of operation of the accessory cell type gas 

engine with a control valve of the gestalt of operation concerning this invention. 

[Description of Notations] 

1 Accessory Cell Type Gas Engine 

12 Piston 

13 The Main Rooms 

14 Accessory Cell 

15 Control Valve 

40 Inhalation-of-Air Path 

47 EGR Path 

48 EGR Gas Flow Rate Control Unit (EGR Valve) 

49 EGR Cooler 

50 Controller (Control Means) 

51 Knocking Sensor 
F Fuel gas 

G Exhaust gas 
germanium EGR gas 

[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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